Introduction {#sec1-1}
============

Type 2 diabetes mellitus is a highly prevailing disease in developing countries of South Asia including India.\[[@ref1]\] Peripheral arterial disease (PAD), one of the complications of it,\[[@ref2]\] is still remaining under diagnosed and under treated even in western countries\[[@ref3][@ref4]\] owing to its silent asymptomatic progression making it difficult to diagnose in early stage. Even in the absence of PAD symptoms, there remains a significant risk for cardiovascular and cerebrovascular morbidity and mortality.\[[@ref5]\] Ankle brachial index (ABI) is a symptom-independent reliable screening tool for PAD that is available since long.\[[@ref6]\] It is recommended even at primary health-care level,\[[@ref6][@ref7][@ref8]\] but yet underused in both communities and hospitals.\[[@ref9]\] It can be attributed to its time consuming nature, lack of reimbursement and staff non-availability.\[[@ref10]\] However, the use can be optimized by identifying the significant risk factors and those at risk and this primary prevention can be brought out by simple ABI screening. By the present study, we tried to use ABI to quantify the burden of PAD in diabetics in our region and to correlate various risk factors for its relative contribution and to judge how many of them are significant and of them how many are salvageable.

Materials and Methods {#sec1-2}
=====================

Study population {#sec2-1}
----------------

This observational transverse field study was carried out from 15 September 2012 to 10 November 2012 on known diabetic patients taking regular treatment (not insulin) for a minimum of 6 months. After taking approval for the study, sample size was calculated by software Raosoft for population of the city 6 lakhs with 4% national prevalence of diabetes. A size of 110 was sufficient to have 99% confidence level and 5% margin of error. Subjects were chosen randomly from (i) medicine out-patient department (OPD) of Sir Takhtsinhji General Hospital (Tertiary Care Government Hospital) (ii) diabetic OPD of Sir Jaswantsinhji Hospital (Urban Health and Training Center affiliated to Sir T Hospital and Preventive and Social Medicine Department) (iii) diabetic camp at Shree Bajarangdas Bapa Arogyadhaam (Trust Multispecialty Hospital) (iv) private OPD patients. By choosing patients from different set ups belonging to different socio-economic status we tried to have a blend of heterogeneous subjects, which formed a fairly representative sample whose result can be applied to generalized population. Subjects taking irregular treatment, newly diagnosed, having previous vascular intervention, having amputated limb were excluded from the study.

PAD risk factor assessment {#sec2-2}
--------------------------

All recruited subjects underwent personal interview in the form of pre-designed, pre-validated questionnaires that included general features, demographic characteristics, symptom of PAD, investigations and treatment taken. Specific emphasis was given to identify following 11 risk factors including diabetes itself: (1) Hypertension, (2) hyperlipidemia, (3) smoking, (4) cardiovascular disease (CVD), (5) family history, (6) absence of symptom (asymptomatism), (7) age \<52 years, (8) male gender, (9) fasting blood sugar (FBS) \>130 mg/dL, (10) body mass index (BMI) \>25 kg/m^2^, (11) diabetes mellitus.

ABI assessment {#sec2-3}
--------------

ABI was measured in the supine position by investigators themselves after taking consent using the principle of Doppler effect by portable instrument Versadop (table top vascular Doppler with 8 MHz of Diabetik Foot Care India Limited, Chennai, India) having 12 cm occluding cuff. Ankle brachial pressure index was derived by dividing the higher reading of the ankle pressure at dorsalis pedis artery by brachial pressure of the same side.\[[@ref11]\] ABI ≥0.9 was considered as normal and ABI \<0.9 was defined as PAD.\[[@ref12]\]

Statistical analysis {#sec2-4}
--------------------

The data was transferred on Excel spreadsheet and descriptive analysis was expressed as mean ± standard deviation. All calculations were accomplished by using Graph Pad in Stat 3 software. We evaluated the strength of association of individual risk factor for PAD by finding the relative risk (RR) keeping confidence interval 95% with ABI \<0.9 as a positive outcome and ABI ≥0.9 as a negative outcome. Five out 11 were modifiable risk factors whose cumulative RR was calculated with aforementioned criteria and difference in mean distribution was calculated by Student *t*-test. Difference was considered as statistically significant with *P* \< 0.05.

Results {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} shows general information for the study group highlighting more females than males, high mean BMI high prevalence of PAD symptom, high mean FBS level, average duration of diabetes 6.28 years and average of risk factors out of 11 being 5.6.

###### 

Baseline data of study group
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[Table 2](#T2){ref-type="table"} shows the prevalence of all risk factors for PAD in diabetes with distribution of subjects with regard to low or normal ABI. RR for individual risk factor is calculated with *Z* and *P* value for each. It clearly indicates (a) strong positive and significant correlation with hyperlipidemia, asymptomatism for PAD, age \<52 years, BMI \>25 kg/m^2^; (b) weak and insignificant correlation with smoking, CVD, FBS \>130 mg/dL; (c) no correlation with male gender and positive family history and (d) negative correlation with hypertension and age \>52 years.

###### 

Effect of individual risk factor for PAD on ABI results with prevalence and relative risk
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[Table 3](#T3){ref-type="table"} shows the cumulative effect of modifiable risk factor five in total in group based on the total number of these risk factors. It shows linear and significant increase in RR for PAD with the increase in their total number in diabetic subject.

###### 

Cumulative effects of modifiable risk factors on ABI results
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Discussion {#sec1-4}
==========

By present community based study, we tried to find the prevalence of PAD in diabetics as indicted by low ABI and to associate various risk factors for it in a sample of urban population of this region. Low ABI prevailed in 35% of subjects having type 2 diabetes mellitus reflecting the possible burden of this problem on the health-care system to be faced in the future. This is higher than few other similar studies done in India.\[[@ref13][@ref14]\] It can be attributed to high BMI, high mean age, high mean FBS and female preponderance in our study group and first three can be generalized to overall diabetic population of our region. Indians are at higher risk to develop PAD and Diabetes as compared to other ethnic groups and that is proven true even if they are residing outside India.\[[@ref15][@ref16][@ref17]\] This fact points toward some genetic susceptibility that remains unaffected by environmental factors.

In our study group, hypertension, high FBS, high BMI, asymptomatism, positive family history proved to be highly prevalent out of which first three are modifiable. CVD and hyperlipidemia though modifiable prevailed very low.

We observed highest RR with asymptomatism, which can be understood by iceberg nature of the disease. Asymptomatic cases receive fewer medications than symptomatic ones as in line with others.\[[@ref18]\] Inclusions of asymptomatics with few other risk factors can help in diagnosing presymptomatic atherosclerosis\[[@ref19]\] and one can shift secondary prevention to primary prevention that target rigorous treatment. So, one can identify disease early and prevent adverse outcomes like major amputation\[[@ref20]\] or mortality due to cardiovascular or cerebrovascular diseases.

Hyperlipidemia and high BMI pose RR of 1.763 and 2.2 respectively in our study. It is supported by a western study with RR being 1.68.\[[@ref21]\] It can be explained by their effects in the form of oxidized low-density lipoprotein damage, Insulin resistance, plaque formation and thrombus formation.\[[@ref22]\] Dyslipidemia can be treated by statins,\[[@ref23]\] but their cost-effectiveness is in question. However, life-style modification such as stoppage of tobacco consumption, exercise\[[@ref24]\] and diet therapy\[[@ref25]\] are better alternatives perhaps for us, which have been tested successfully, but not implemented successfully. High BMI was given as a cause for high prevalence of PAD in Indians among various South Asian countries.\[[@ref26]\] Smoking was single most important risk factor for PAD in India mainly for males whose cessation can stop disease progression.\[[@ref27]\] Continuous tobacco increases the risk and reduces the success of vascular intervention.

CVD is established risk factor for PAD as proven by few studies.\[[@ref28]\] In ellipse study\[[@ref29]\] diabetes did not prove a statistically significant risk factor and they explained it by the fact that the study group like ours was having low CVD risk and fewer comorbid conditions. Low prevalence of hyperlipidemia and CVD in our sample raises further importance of BMI and hypertension that prevailed in nearly 60% of subjects.

In India, about 50% of diabetics have hypertension.\[[@ref30]\] Tight glycemic control decreases only the risk of microvascular complications such as retinopathy, nephropathy and neuropathy without affecting macrovascular complications like PAD.\[[@ref31]\] Blood pressure regulation gives instantaneous result than glycemic control and is more cost-effective for both patients as well as primary physicians. In the present study, we contrastingly found that hypertensive diabetics have fewer PADs than normotensive diabetics. This can be explained by the fact that more than 90% of hypertensives were taking angiotensin-converting enzyme inhibitors drugs like enalapril or ramipril regularly as a first line of treatment. This drug keeps in check angiotensin II and prevents various vascular complications of diabetes as documented by previous studies.\[[@ref32][@ref33]\]

We did not find any significant correlation of PAD with a positive family history or gender in line with others,\[[@ref34][@ref35]\] who found them inconsistent and insignificant at times. These factors cannot be modified so their beneficial preventive role does not exist. With ageing there is atherosclerosis leading to stiffness in arteries that tend to raise ABI value, which exactly oppose the decline in ABI value by PAD due to diabetes.\[[@ref36]\] So, one cannot ascertain exactly age as a risk factor for this disease and it is definitely impossible to modify it even if it is proven so.

In the present study, glycemic control was measured by FBS and not by hemoglobin A1c as later one is costly and not practically possible in all set ups in a developing country like India. A recent study has shown former as a more reliable test than later to correlate glycemic control with ABI results.\[[@ref37]\] We found controlled sugar level in just one-third of the subjects and it is must to have FBS within normal upper limit. Still for PAD ABI is surely a better tool to correlate than mere blood sugar level, which does not require any specific laboratory and reagent and can be practiced even at primary health-care level.

It was seen that more the number of modifiable risk factors in totality more adverse was the ABI profile owing to the cumulative effect of them and this observation is in line with previous such attempt. Out of 110 subjects only 16 were having no modifiable risk factors out of five and one can easily see the benefit of targeting risk modification after proper risk stratification in all diabetics and timely intervention.

As India is heading to be the hub of diabetes by 2025 one can predict necessity of primary preventive measures for PAD that is offered by ABI. However, this test cannot be generalized for the whole diabetic population and it is better to be offered to those who are at risk with certain benefit from screening and intervention. It is always better preventing at primary level rather than treating at secondary and tertiary care level. General Practitioners who are the backbone of health-care systems world-wide more so in the context of India can be sensitized about the burden of this modern epidemic and they can play a significant role in risk stratification for vasculopathy in type 2 diabetes as many of patients with the disease are coming for a regular visit at primary health facilitators. More emphasis should be put on modifying the modifiable risk factors by life-style modifications, drug therapy and other interventions that come well within the domain of family medicine and primary care.

Conclusion {#sec1-5}
==========

ABI measurement in diabetics revealed a high prevalence of PAD in our population with the presence of more than one risk factor in most. We found a high prevalence and positive correlation of modifiable risk factors such as high BMI, uncontrolled blood sugar level, smoking, hypertension and hyperlipidemia. Asymptomatic nature of disease progression can be nullified by optimum use of ABI as a screening tool preceded by risk factor stratification of diabetic subjects. It can be implemented as a primary preventive measure even at primary health-care level to fight against this modern epidemic of diabetics and its aftermath PAD.
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